Background and Purpose: The aim of this study was to determine the 30-day mortality and morbidity of intracerebral hemorrhage in a large metropolitan population and to determine the most important predictors of 30-day outcome.
I ntracerebral hemorrhage has a reported 30-day mor- tality of 44% to 51% in population studies during the computed tomographic (CT) era.1-5 Level of consciousness, volume of parenchymal hemorrhage, and, to a lesser extent, volume of intraventricular hemorrhage have been most consistently linked with poor outcome. [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] However, a usable predictive model of outcome incorporating these variables has yet to be validated in a large, well-defined community population.
We report a study of the natural history of intracerebral hemorrhage in the 1.26 million metropolitan population of Greater Cincinnati. Our goals were to determine the most important predictors of morbidity and mortality and to develop an easy-to-use predictive model of 30-day mortality for physicians and researchers involved in the treatment of intracerebral hemorrhage.
Subjects and Methods All first-ever spontaneous intracerebral hemorrhages that occurred in Greater Cincinnati during 1988 were identified as previously reported.' Traumatic intracere-bral hemorrhage, hemorrhage due to aneurysmal rupture, and hemorrhagic transformation of a cerebral infarct were excluded. The abstracted clinical data and all available CT and magnetic resonance imaging films for each case were evaluated by a neurologist. Each brain location that contained hemorrhage on CT was recorded (putamen, globus pallidus, thalamus, internal capsule, deep periventricular white matter, cerebral cortex, subcortical white matter, cerebellum, pons, midbrain, and ventricles). The origin of each intracerebral hemorrhage was categorized as deep (basal ganglia, thalamus, internal capsule, deep periventricular white matter, ventricles only); lobar (cortex and subcortical white matter); cerebellar; or pontine. For a few larger hemorrhages, the distinction between hemorrhages that began in the cortex or subcortical white matter (lobar) and those that originated in the periventricular white matter (deep) was difficult. Deep white matter hemorrhages must have had hemorrhage within 1 cm of the body of the lateral ventricle and the majority of the hemorrhage within the deep white matter.
Volume of hemorrhage was measured by two independent methods. First, each CT image was placed on a light box above which was fixed a video camera connected to a Joyce-Loebl Magiscan M2A Image Analysis computer. After obtaining an appropriate degree of clarity and brightness, an individual image was captured by the camera, digitalized, and reproduced on the video monitor. The region of hemorrhage was identified, and its borders were roughly approximated on the screen using a light pen. The circumscribed area was then segmented according to a gray scale ranging from 0 (black) to 100 (white). Upper and lower limits of the scale were set manually for each image, ensuring that only the area of hemorrhage was highlighted and that the low-density brain surrounding the hemorrhage was excluded. The number of pixels constituting the area of hemorrhage was determined. Using the linear centimeter scale on each CT image, a calibration square was constructed, and the number of pixels within a calibration square was used to determine the calibration factor (pixels per square centimeter). The number of pixels of hemorrhage in an individual CT slice was then divided by the calibration factor to obtain real surface area measurements in square centimeters. The surface area was multiplied by the image slice thickness (1 cm) to obtain a slice volume. Slice volumes were added to obtain the total volume of parenchymal hemorrhage. The same procedure was also used to calculate separately the total volume of intraventricular hemorrhage.
The second method used to estimate the volume of parenchymal hemorrhage used only the CT films. On the CT image with the largest area of intraparenchymal hemorrhage, the largest diameter of hemorrhage was measured by the study neurologist using the centimeter scale on the film, and then rounded to the nearest half centimeter. The diameter of hemorrhage 90 degrees to the largest diameter was also recorded and rounded to the nearest half centimeter. The number of 1-cm slices on which parenchymal hemorrhage could be seen was recorded. The total volume of parenchymal hemorrhage was then estimated using the formula for an ellipsoid (4/3 vrr abc, where a, b, and c represent the respective radii in three dimensions; Fig 1) .
Neurological function at presentation was measured 
